SUMMARY Modification with acetic anhydride of nucleosomes from chicken erythrocytes at low ionic strength (less than 0.1 M NaCl) is accompanied by the formation of residual particles and the release of free DNA. This DNA has been identified as singlestranded by thermal denaturation, digestion with nuclease Sl, and elution from hydroxyapati te. In contrast, i f modification takes place at 0.6 M NaCl, the liberated DNA is mainly doublestranded. The release of the free energy stored in folded nucleosomal DNA, triggered by the weakening of lysine-DNA interactions which takes place upon modification, might be responsible for the observed denaturation of DNA at low ionic stregth.
Mononucleosomes were prepared by digestion of the isolated nuelei with mieroeoccal nuelease (Worthington), and fractionation of the digestion produets by centrifugation on a 5-20% linear sucrose gradient (6) . Nueleosomal ONA had an average length of 160:1:10 base pairs as compared wi th the digestion products of plasmid pBR 322 treated wi th nuelease Hae 1 1I. Oouble-stranded ONA used as a control was obtained from mononucleosomes by digesting the particles with pancreatic RNase and proteinase K, followed by extraction of the digested proteins with chloroform/ isoamyl alcohol (24/1, v/v), and precipitation of ONA with 2 volumes of cold ethanol (7) . The concentration of nucleosomal particles was determined spectrophotometrically, taking A260 = 20.0 for a solution eontaining 1.0 mg ONA/ml.
Treatment of nucleosomal articles and double-stranded DNA with acetic anhydride. Nueleosomes (0.2 mg ONA mI or free doublestranded ONA obtained from them (0.2 mg/ml), in 10 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid (K+) (pH 8.2), 5 mM EOTA and 0.1 mM phenylmethylsulfonyl fluoride (low ionie strength), were treated with acetic anhydride (1.5 mg/mll at room temperature with continuous gentle stirring. The pH was maintained at 8.2 by addition of 0.5 M KOH with a Radiometer titration assembly (Copenhagen). After 1 h of treatment, no base had to be added to maintain stable the pH, indicating that the reagent had been consumed. Nucleosomal particles were also treated in the presence of 0.6 M NaCl(high ionie strength), other conditions being unchanged. The hydrolyzed reagent was eliminated by overnight dialysis at 2-4·C against 10 mM Tris-HCl (pH 8.2), 5 mM EOTA and 0.1 mM phenylmethylsulfonyl fluor ide. For the preparation treated at high ionic strength, the dialysis buffer also contained 0.6 M NaCl.
Sedimentation analysts and fractionation. The nucleosomal preparations (0.2 mg ONA) were eentrifuged in linear 5-20% sucrose gradients eontaining 10 mM Tris-HCl (pH 8.2), 5 mM EOTA and 0.1 mM phenylmethylsulfonyl fluor ide. For the preparation modified at high ionic strength and the corresponding control the gradients also included 0.6 M NaCl. Centrifugation was conducted in a Beckman SW40 rotor at 30,000 rpm and 6·C for 26 h. The distribution along the gradient of material absorbing at 254 nm was determined with an ISCO density fractionator, which was also used for the separation of fractions.
Thermal denaturation. After dialysis of the samples against 0.25 mM EOTA (pH 8.2), denaturation profiles were obtained with a Beckman OU-8 spectrophotometer equipped with a TM.S module, using a heating rate of 0.5°C/min. Absorbance at 260 nm was registered at 1°C intervals between 30·C and 102°C using a slit of 0.5 nm. Hyperchromicity values and the derivative, dH/dt, were obtained from the registered data by using an HP-85 minieomputer, as previously described (8) .
Digestion with nuclease S 1. ONA samples (approximately 10 p9), in 1 mI of 50 mM sodium acetate (pH 4.5), 0.2 M NaCl and 4 mM ZnS04, were incubated with 500 units of nuclease Sl (Sigma) at 37°C for 1 h. The degree of digestion was estimated from the hyperchromicity produced. Absorbance at 260 nm was measured before and after digestion, and from these values the hyperchromieity was obtained. This DNA fraction shows a hyperchromicity value comparable to that of the control nucleosomes, and has a clearly-defined thermal transition centered at 46°C ( Figure 2S ), which corresponds to free double-stranded DNA. The difference in denaturation profile of the unmodified controls subjected to low or high ionic strength is probably due to dissociation from nucleosomal particles at 0.6 M NaCl of histones al and H5 (9).
RESULTS AND DISCUSSION

Modification
To confirm the single-and double-stranded nature of the DNA liberated at low and high ionic strength, respectively, the two DNA fractions were subjected to treatment with nuclease 51, an enzyme that degrades specifically single-stranded DNA (10). cleosomes at low ionic strength is also supported by the elution from hydroxyapatite (11) . Less than 10% of this DNA is bound to hydroxyapatite at 150 mM sodium phosphate buffer (pH 6.9), a value close to that obtained for thermally denatured nucleosomal DNA, while 50% of the DNA released at high ionic strength and 90% of the control double-stranded nucleosomal DNA are bound under these condi tions. In all cases, complete recovery of the bound DNA was obtained by elution with 500 mM sodium phosphate buffer (pH 6.9).
Once the single-stranded nature of the DNA released at low ionic strength was confirmed, we tried to exclude any possible artifacts that could account for its production. Although modification took place under carefully controlled conditions to prevent any significant change in pH (see Materials and Methods), and free nucleosomal DNA remains double-stranded after the same treatment used to modify nucleosomes (Table 1) aJn all cases, the hyperchromicity obtained with control doublestranded DNA (13.5%) was substracted. bDenatured by boiling for 5 mino tensive modification of DNA as the cause of DNA dissociation and denaturation, the extent of DNA modification with acetic anhydride was determined. Approximately 0.5 acetyl residues were incorporated for each 160 nucleotide-chain, as determined by measuring the radioactivity from (1-14C)acetic anhydride incorporated into DNA. No difference in the degree of modification was found between the DNA present in the residual particles and the released ONA.
As shown in this work, the weakening of histone-DNA interactions at low ionic strength by modification of lysine residues with acetic anhydride is accompanied by dissociation from nucleosomes of single-stranded DNA. In contrast, at 0.6 M NaCl, at least 50% of the ONA released is double-stranded. Under these higher salt conditions, shielding of the electrostatic repulsions between the negatively-charged DNA strands is increased.
Therefore, a larger amount of energy should be required to denature ONA, which might account for the release of double-stranded ONA at high salto Apparently, the energy stored in nucleosomal ONA, in i ts superhelical coiling around the histone octamer, could be used to separate the two DNA strands at low ionic strength. Alternative explanations must account for the energy needed to denature ONA, and for the requirement of the nucleosomal structure to produce this phenomenon under our experimental conditions. 
